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©  Parallel  operation  of  telephone  equipment  on  a  digital  loop. 

Disclosed  is  a  digital  station  apparatus,  such  as  a  digital 
telephone  set,  capable  of  being  operated  in  parallel  on  a 
subscriber's  digital  loop  (e.g.  in  an  extension  mode)  without 
the  need  to  route  all  the  PCM  signals  to  commom  equip- 
ment.  Only  one  of  the  parallel  sets  is  active  at  a  time;  all  the 
others  are  passive.  In  the  passive  state  the  telephone  set 
receives  only,  and  does  not  transmit.  It  monitors  its  own 
signal  magnitude  relative  to  the  signal  magnitude  produced 
by  the  active  "extension"  on  the  same  digital  loop.  When  its 
own  signal  magnitude  has  satisfied  a  comparison  criterion, 
then  that  passive  set  becomes  active  and  both  transmits  and 
receives,  while  all  other  sets  on  the  loop  are  passive. 





The  p resen t   inven t ion   r e l a t e s   gene ra l ly   to  d i g i t a l   t e l e p h o n e  

s t a t i o n   a p p a r a t u s  c a p a b l e   of  being  opera ted  in  pa r a l l e l   (e .g .   e x t e n s i o n  

t e l e p h o n e s )   and  more  p a r t i c u l a r l y   to  d i g i t a l   te lephone  sets  capable  o f  

being  opera ted   in  p a r a l l e l   on  a  s u b s c r i b e r ' s   d i g i t a l   l o o p .  

In  the  North  American  te lephone   system  it  is  common  p r a c t i c e  

t o  a l l o w   two  or  more  te lephone   sets  to  operate   in  p a r a l l e l ,   as  e x t e n s i o n s ,  

s i m u l t a n e o u s l y   on  the  same  analogue  t e lephone   l i ne .   When  analogue  v o i c e  

t r a n s m i s s i o n   is  used  on  the  t e l ephone   l ine   ( i . e .   subsc r ibe r   loop) ,   t h e  

s i g n a l s   from  the  two  or  more  ex t ens ions   ( i . e .   te lephone  sets)   are  added 

l i n e a r l y   simply  due  to  the  fact  tha t   the  two  or  more  ex tens ions   a r e  

connected  in  p a r a l l e l   across  the  same  t e l ephone   l i n e .  

When  d i g i t a l   s igna l s   are  employed  in  the  s u b s c r i b e r   l o o p ,  

the  i n s t a l l a t i o n   of  ex tens ion   t e lephone   sets  is  not  as  simple  as  it  was 

with  analogue  s i g n a l s .   In  d i g i t a l   t e l ephony ,   the  analogue  (e .g .   v o i c e )  

s i g n a l s   are  encoded  in  a  n o n - l i n e a r   fashion  such  as  in  the  mu-law  p u l s e  

code  modulat ion  (PCM).  Consequent ly   it  is  not  poss ib le   to  add  the  d i g i t a l  

s i g n a l s   d i r e c t l y ,   as  such  p r a c t i c e   r e s u l t s   in  d i s t o r t i o n   of  the  s i g n a l s .  

In  the  pr ior   a r t ,   when  d i g i t a l   t r ansmis s ion   was  employed  and 

when  two  or  more  d i g i t a l   s igna l s   were  to  be  combined,  as  in  a  c o n f e r e n c e  

c i r c u i t ,   the  d i g i t a l   s igna l s   were  routed  to  a  common  c i r c u i t   ( e .g .   a 

confe rence   c i r c u i t   or  conference  br idge)   usua l ly   provided  as  common 

equipment  in  a  cen t ra l   o f f i c e .  

There  are  many  such  conference   c i r c u i t s   descr ibed   in  t h e  

a r t .   Three  of  these  prior   c i r c u i t s  a r e  b r i e f l y   descr ibed  be low.  

U.S.  patent   4 ,160,878  d a t e d ' J u l y   10,  1979  to  P.  Hirschmann 

and  E.  Hoefer  de sc r ibe s   a  c i r c u i t   in  which  d i g i t a l   s ignals   of  a l l  



s u b s c r i b e r s   are  c o n s e c u t i v e l y   conver t ed   into  analog  s i g n a l s   and  an  a n a l o g  

summation  signal   is  formed  t h e r e f r o m .   This  summation  signal   is  a g a i n  

conver ted   back  into  a  d i g i t a l   s ignal   (from  the  a b s t r a c t   of  the  p a t e n t ) .  

U.S.  pa tent   4 ,007 ,338   dated  February  8,  1977  to  D.W. 

McLaughlin  d e s c r i b e s   a  purely  d i g i t a l   con fe renc ing   c i r c u i t   tha t   is  based  

upon  comparing  the  magnitude  of  the  PCM  d i g i t a l   samples.   As  s t a t ed   a t  

column  2,  l i n e s   30  to  44  of  the  pa ten t   "the  opera t ion   is  such  tha t   two 

words  [ for   a  t h ree   party  c o n f e r e n c e ]   c o r r e s p o n d i n g   to  two  channels   a r e  

read  from  the  i n fo rma t ion   memory  every  time  s l o t ,   and  a f t e r   p r o p e r  

compar ison,   the  l a r g e s t   sample  is  t r a n s m i t t e d   to  the  t h i rd   channe l .   In 

o ther   words,  assuming,   for  example,  t ha t   channels   3,  5  and  9  are  engaged 

in  a  3-way  c o n f e r e n c e ,   during  the  channel  3  time  s l o t ,   the  samples  from 

channel  5  and  channel  9  are  read  and  compared ,  and   the  l a r g e r   of  the  two 

samples  is  t r a n s m i t t e d   to  channel  3.  Subsequen t ly ,   during  the  channel  5 

time  s l o t ,   the  samples  from  channel  3  and  channel  9  are  read  and  compared ,  

and  the  l a r g e r   of  the  two  samples  is  t r a n s m i t t e d .   During  the  channel  9 

time  s l o t ,   the  ope ra t i on   is  r e p e a t e d ,   with  the  l a r g e s t   of  the  channel  3 

and  5  samples  being  t r a n s m i t t e d . "  

U.S.  pa tent   3 ,984 ,643   dated  October  5,  1976  to  S.A.  I n r i g  

and  A.S.J .   Chapman  d e s c r i b e s   a  c o n f e r e n c i n g   system  in  which,  for  an 

n -pa r ty   c o n f e r e n c e ,   the  PCM  words  for  each  of  the  n  channels   involved  a r e  

l i n e a r i z e d   and  then  summed.  The  PCM  word  ( l i n e a r i z e d )   from  a  p a r t i c u l a r  

conferee   is  then  s u b t r a c t e d   from  the  sum,  and  that   r e s u l t   ( i . e .   the  sum  o f  

n-1  con fe r ee s )   is  then  c o n v e r t e d  b a c k   to PCM  and  sent  to  tha t   p a r t i c u l a r  

confe ree   (see  column  4,  l i n e s  7  t o   30. of  the  p a t e n t ) .  

The  above  th ree   pa t en t s   are  s imi l a r   i n  t h a t   the  c o n f e r e n c i n g  

func t ion   in  all  th ree   i s . p r o v i d e d   by  rou t ing   a l l   the  d i g i t a l   (PCM)  s i g n a l s  



to  common  equipment  at  one  common  loca t ion   ( e .g .   at  a  t e lephone   s w i t c h i n g  

o f f i c e ) .   This  need  for  rout ing  all  the  PCM  s i g n a l s   to  common  equipment  a t  

a  common  l o c a t i o n   can  p resen t   problems  when  it  is  necessa ry   to  p r o v i d e  

ex t ens ion   s e rv i ce   c a p a b i l i t y   for  a  large  number  of  s u b s c r i b e r s .  

The  p resen t   invent ion   provides  a  d i g i t a l   te lephone  s e t  

capable   of  being  opera ted   in  pa r a l l e l   (e .g.   as  an  ex tens ion   or  as  a  p a r t y  

l ine   connec t ion )   on  a  s u b s c r i b e r ' s   d i g i t a l   loop  wi thout   the  need  o f  

rou t ing   all  the  PCM  s igna l s   to  common  equipment.   This  p a r a l l e l i n g  

func t i on   ope ra t e s   without   the  need  for  add i t i ona l   t i m e s l o t s ,   and  in  t h e  

p r e f e r r e d   embodiment,  without  the  need  for  a d d i t i o n a l   t r ansmis s ion   p a t h s .  

The  p resen t   invent ion   works  as  fo l lows ,   using  a  two 

t e l ephone   set  ex tens ion   connect ion  as  an  exemplary  embodiment.  The 

s u b s c r i b e r ' s   d i g i t a l   t e lephone   loop  comprises  one  rece ive   bus  and  one 

t r a n s m i t   bus  (or  a l t e r n a t e l y ,   separa te   receive  and  t r a n s m i t   channels  on  a 

s i ng l e   b i - d i r e c t i o n a l   bus).   Both  te lephone  sets  are  respons ive   to  t h e  

d i g i t a l   s i gna l s   appear ing  on  the  receive   bus;  a  d i g i t a l   to  ana logue  

c o n v e r t e r   in  each  te lephone   set  t ransforms  the  d i g i t a l   signal  on  t h e  

r ece ive   bus  to  an  analogue  s igna l .   Each  te lephone  set  has  two  c o n n e c t i o n s  

to  the  t r a n s m i t   bus;  each  connect ion  being  c o n t r o l l e d   by  an  on-off  swi tch  

such  tha t   only  one  connect ion   (per  te lephone  set)  to  the  t ransmi t   bus  i s  

p o s s i b l e ,   at  any one  time.  One  of  the  two  t e lephone   se t s ,   at  any  g iven  

t ime,   is  ac t ive   and  is  capable  of  t r a n s m i t t i n g   on  the  t r ansmi t   bus  ( v i a  

i t s   second  on-off   switch  that   is  "on",  or  " c l o s e d " ) .   The  other  t e l e p h o n e  

set  is  pass ive   and  cannot  t ransmi t   on  the  t r ansmi t   bus  at  t h a t   time  ( s i n c e  

i t s   second  on-off   switch  is  open  and  has  that  path  d i s connec t ed )   bu t  

r a t h e r   sums  the  signal  received  on  the  t ransmi t   bus  (via  i ts  f i r s t   o n - o f f  



switch  which  is  c losed)   with  the  signal  rece ived   on  the  rece ive   bus  ( i n  

e i t h e r   an  analogue  form  or  in  a  l i n e a r i z e d   d i g i t a l   f o r m  a f t e r   each  s i g n a l  

has  been  conve r t ed   from  the  compressed  PCM  format .   Control  e q u i p m e n t ;  

s i t u a t e d   wi th in   each  t e lephone   se t ,   f u n c t i o n s   in  c o - o p e r a t i o n   with  t h e  

swi t ch ing   o f f i c e   (from  which  the  loop  o r i g i n a t e s   and  sometimes  r e f e r r e d   t o  

as  "common  equipment")   to  control   which  set  will  be  the  ac t ive   set  and 

which  will  be  the  pass ive   set ;   t h i s   control   equipment  will  be  e x p l a i n e d  

l a t e r   in  g r e a t e r   d e t a i l .   Note  tha t   only  one  set  at  any one  time  can  be 

the  ac t ive   se t ,   while  one  or  more  sets  can  be  the  pass ive   set  at  a n y  o n e  

t ime.   Note  also  tha t   each  t e l ephone   set  is  capable   of  r e c e i v i n g   s i g n a l s  

from  the  r e ce ive   bus  while  it  is  off -hook  but  only  one  se t ,   at  any  g i v e n  

t ime,   can  send  s i g n a l s   to  the  t r a n s m i t   b u s .  

S ta t ed   in  other  terms,   the  p resen t   i nven t ion   is  a  d i g i t a l  

s t a t i o n   appa ra tu s   for  connect ion   to  a  s u b s c r i b e r ' s   d i g i t a l   t e lephone   l o o p ,  

the  appara tus   c h a r a c t e r i z e d   by:  means  for  a l lowing  the  opera t ion   of  two 

or  more  a p p a r a t u s ,   in  p a r a l l e l ,   on  the  d i g i t a l   l o o p .  

S ta ted   in  yet  o ther   terms,  the  p resen t   i nven t ion   is  a 

d i g i t a l   s t a t i o n   appara tus   for  connec t ion   to  a  t e lephone   s u b s c r i b e r ' s  

d i g i t a l   loop,  having  at  l eas t   a  f i r s t   r ece ive   channel  for  in fo rmat ion   and 

a  second  r ece ive   channel  for  s i g n a l l i n g   from  common  equipment ,   and  hav ing  

at  l e a s t   a  f i r s t   t r a n s m i t   channel  for  i n fo rma t ion   and  a  second  t r a n s m i t  

channel  for  s i g n a l l i n g   to  the  common  equipment ,   the  a p p a r a t u s  

c h a r a c t e r i z e d   by:  means  for  a l lowing  the  ope ra t i on   of  two  or  more 

a p p a r a t u s ,   in  p a r a l l e l ,   on  the  d i g i t a l   loop  such  that   no  more  than  s a i d  

f i r s t   and  second  rece ive   channels   and  no  more  than  said  f i r s t   and  second 

t r a n s m i t   channe l s   are  employed.  

S ta ted   in  s t i l l   other  terms,   the  present   inven t ion   is  a 



d i g i t a l   s t a t i o n   appa ra tu s   for  connect ion   to  a  s u b s c r i b e r ' s   d i g i t a l  

t e lephone   loop,  having  both  rece ive   channels   and  t r a n s m i t   channels ,   t h e  

appara tus   c h a r a c t e r i z e d   by:  te rminal   means  for  r e c e i v i n g   d i g i t a l   s i g n a l s  

from  the  r ece ive   channe l s ;   f i r s t   switch  means  for  s e l e c t i v e l y   p a s s i n g  

f i r s t   d i g i t a l   s i g n a l s   from  a  f i r s t   channel  of  the  t r a n s m i t   c h a n n e l s ;  

second  switch  means  for  s e l e c t i v e l y   passing  second  d i g i t a l   s igna l s   to  s a i d  

f i r s t   channel  of  the  t r a n s m i t   channels   such  that   the  f i r s t   and  second 

switch  means  opera te   in  unison  and  one  switch  means  is  open  when  the  o t h e r  

switch  means  is  c losed ;   and  a  comparison  means  for  comparing  the  f i r s t  

d i g i t a l   s i gna l s   and  the  second  d i g i t a l   s i g n a l s ,   when  the  f i r s t   s w i t c h  

means  is  c lo sed ,   and  for  producing  a  signal  i n d i c a t i v e   of  s a i d  

c o m p a r i s o n .  

S ta ted   in  yet  again  d i f f e r e n t   terms,   the  present   i n v e n t i o n  

is  a  d i g i t a l   t e l ephone   m u l t i - s e t   system  for  connec t ion   to  a  s u b s c r i b e r ' s  

d i g i t a l   t e lephone   loop,  having  both  rece ive   channels   and  t r a n s m i t  

channe l s ,   the  system  compr is ing :   at  l e a s t   two  d i g i t a l   t e lephone   a p p a r a t u s  

for  connect ion  to  said  t e lephone   loop;  one  d i g i t a l   t e lephone   a p p a r a t u s  

being  a c t i v e   for  producing  a  t r ansmi t   signal  on  at  l e a s t   a  f i r s t   channel  

of  the  t r ansmi t   channels   and  for  r ece iv ing   a  rece ive   signal  from  at  l e a s t  

a  f i r s t   channel  of  the  rece ive   channels ;   the  remaining  d i g i t a l   t e l e p h o n e  

appara tus   being  pass ive   for  r ece iv ing   both  the  t r a n s m i t   signal  from  t h e  

f i r s t   channel  of  the  t r ansmi t   channels ,   and  the  r ece ive   signal  from  t h e  

f i r s t   channel  of  the  rece ive   channels ;   and  all  the  t e lephone   a p p a r a t u s  

inc lud ing   control   means  for  a l t e r i n g   the  opera t ion   of  the  t e l e p h o n e  

appara tus   so  that   any one  of  the  te lephone  appara tus   can  funct ion  as  t h e  

ac t ive   d i g i t a l   t e l ephone   apparatus   and  the  remaining  d i g i t a l   t e l e p h o n e -  

appara tus   can  funct ion   as  the  passive  d i g i t a l   t e lephone   a p p a r a t u s .  



Sta ted   in  s t i l l   other  te rms,   the  p resen t   i n v e n t i o n   is  a 

method  of  c o n t r o l l i n g   each  of  a  p l u r a l i t y   of  t e l ephone   appa ra tu s   c o n n e c t e d  

to  a  s u b s c r i b e r ' s   d i g i t a l   t e lephone   loop,  having  both  r ece ive   channels   and 

t r a n s m i t   c h a n n e l s ,   the  method,  at  each  appa ra tu s ,   compr i s ing   the  s t e p s  o f :  

r e c e i v i n g   d i g i t a l   s i g n a l s   from  the  r ece ive   channe ls ;   s e l e c t i v e l y   p a s s i n g  

f i r s t   d i g i t a l   s i g n a l s   from  a  f i r s t   channel  of  the  t r a n s m i t   channe ls   to  t h e  

a p p a r a t u s ;   s e l e c t i v e l y   passing  second  d i g i t a l   s i g n a l s   from  the  a p p a r a t u s  

to  the  f i r s t   channel  of  the  t r ansmi t   channe ls ;   s e l e c t i v e l y   comparing  t h e  

f i r s t   d i g i t a l   s i g n a l s   and  the  second  d i g i t a l   s igna l s   and  producing  a 

s ignal   i n d i c a t i v e   of  the  c o m p a r i s o n .  

S t a t e d   once  again  in  d i f f e r e n t   terms,  the  p resen t   i n v e n t i o n  

is  a  method  of  c o n t r o l l i n g   a  p l u r a l i t y   of  t e lephone   appa ra tu s   connected  t o  

a  s u b s c r i b e r ' s   d i g i t a l   t e lephone   loop,  having  both  a  r ece ive   bus  and  a 

t r a n s m i t   bus,  and  wherein  at  any  given  time,  one  appa ra tu s   at  most  i s  

a c t i v e   and  the  remainder   of  the  appara tus   are  pa s s ive ,   the  method 

compris ing   the  s teps   of:  r e ce iv ing   d i g i t a l  s i g n a l s   from  the  r ece ive   bus 

at  each  t e l e p h o n e   a p p a r a t u s ;   pass ing   d i g i t a l   s i gna l s   from  a  f i r s t   channel  

of  the  t r a n s m i t   bus  to  all  the  pass ive   appa ra tus ;   pass ing   d i g i t a l   s i g n a l s  

produced  by  the  a c t i v e   appara tus   to  the  f i r s t   channel  of  the  t r a n s m i t   bus ;  

comparing,   at  each  pass ive   a p p a r a t u s ,   the  d i g i t a l   s i g n a l s   from  the  f i r s t  

channel  of  the  t r a n s m i t   bus  and  d i g i t a l   s igna l s   produced  by  t h a t  

p a r t i c u l a r   p a s s i v e   a p p a r a t u s ,   and  s e l e c t i v e l y   t r a n s m i t t i n g   a  d i g i t a l  

s ignal   on  a  second  channel  of  the  t r a n s m i t   bus  i n d i c a t i n g   the  r e s u l t   o f  

the  c o m p a r i s o n .  

Br ief   D e s c r i p t i o n   of  the  Drawings 

The  inven t ion   will  now  be  descr ibed   in  more  de t a i l   w i t h  

r e f e r e n c e   to  the  accompanying  drawings,   wherein  l ike   par t s   in  each  of  t h e  



several   f i g u r e s   are  i d e n t i f i e d   by  the  same  r e f e r e n c e   c h a r a c t e r ,   and 

w h e r e i n :  

Figure  1  is  a  s i m p l i f i e d   block  diagram  d e p i c t i n g   t h r e e  

t e l ephone   s e t s ,   c o n s t r u c t e d   according  to  the  p resen t   i n v e n t i o n ,   c o n n e c t e d  

to  a  s ing le   s u b s c r i b e r ' s   d i g i t a l   l o o p ;  

Figure  2  is  a  s i m p l i f i e d   block  diagram  d e p i c t i n g   t h e  

c i r c u i t r y   of  the  t e l ephone   sets  of  Figure  1; 

Figure  3  is  a  s i m p l i f i e d   block  diagram  d e p i c t i n g   t h e  

c i r c u i t r y   of  the  comparison  c i r c u i t   in  Figure  2;  

Figure  4  is  a  s i m p l i f i e d   block  diagram  of  the  m o d i f i e r  

c i r c u i t   in  Figure  3;  

Figure  5  is  a  s i m p l i f i e d   block  diagram  d e p i c t i n g   t h e  

c i r c u i t r y   of  the  address   and  message  r e c e i v e r - d e c o d e r   of  Figure  2;  

Figure  6  is  a  s i m p l i f i e d   block  diagram  d e p i c t i n g   t h e  

c i r c u i t r y   of  the  t a l k - l i s t e n   s ta te   c o n t r o l l e r   in  Figure  2 ;  

Figure  7  is  a  s i m p l i f i e d   block  diagram  d e p i c t i n g   t h e  

c i r c u i t r y   of  the  address   and  message  s e l e c t o r - s e n d e r   of  Figure  2; 

Figure  8  is  a  timing  diagram  showing  var ious   clock  s i g n a l s ;  

Figure  9  is  a  timing  diagram  d e p i c t i n g   var ious   s i g n a l s  

useful  for  a  b e t t e r   unders tand ing   of  the  i n v e n t i o n ;  

Figure  10  is  a  flow  chart   dep i c t i ng   the  a d d i t i o n a l   f u n c t i o n s  

that   are  performed  by  switching  o f f ice   11  in  Figure  1;  

Figure  11  is  a  chart  dep ic t ing   the  s t a t e s   of  s igna l s   and 

f l i p - f l o p s   in  Figure  6.  

Deta i led   D e s c r i p t i o n  

Figure  1  dep ic t s   te lephone  sets  10a,  lOb,  and  10c  ( r e f e r r e d  

to  c o l l e c t i v e l y   as  t e lephone   sets  10)  c o n s t r u c t e d   according  to  the  p r e s e n t  



i n v e n t i o n   and  connected  in  p a r a l l e l   across   a  s u b s c r i b e r ' s   d i g i t a l   loop 

r e f e r e n c e d   by  the  numeral  15.  Dig i ta l   loop  15  comprises   r ece ive   TDM  (Time 

Divis ion   M u l t i p l e x )   bus  12  and  t r a n s m i t   TDM  bus  13,  connected   to  d i g i t a l  

swi tch ing   o f f i c e   11  ( e .g .   a  Northern  Telecom  DMS-100*),  also  r e f e r r ed   t o  

as  common  e q u i p m e n t .  

Figure  2  dep i c t s   the  c i r c u i t r y ,   in  block  form,  of  one 

t e l ephone   set  10.  Note  tha t   the  d i a l l i n g   c i r c u i t r y   has  been  e l i m i n a t e d  

from  Figure  2  in  order  to  s imp l i fy   the  d e s c r i p t i o n   of  the  i nven t ion   and  in  

order   to  keep  the  drawings  u n c l u t t e r e d .   The  d i a l l i n g   c i r c u i t r y   is  wel l  

known  in  the  art   and  is  not  part  of  the  p re sen t   i n v e n t i o n .  

Telephone  set  10  r ece ives   d i g i t a l   s i g n a l s   on  l ine   19,  f rom 

rece ive   bus  12;  these   d i g i t a l   s i g n a l s   inc lude   both  voice  i n f o r m a t i o n  

encoded  as  pulse  code  modulat ion  (PCM)  and  s i g n a l s   for  control   and 

s i g n a l l i n g   pu rposes .   Dig i ta l   to  analogue  c o n v e r t e r   21  is  r e spons ive   t o  

the  a p p r o p r i a t e   PCM  s i g n a l s   and  produces  an  analogue  output  on  l ine   22 .  

The  analogue  signal  on  l ine  22  is  appl ied  to  summing  c i r c u i t   23  as  are  t h e  

output   s i g n a l s   from  d i g i t a l   to  analogue  c o n v e r t e r   24  on  l ine  26,  and  t h e  

output   from  o p e r a t i o n a l   a m p l i f i e r   27  on  l ine   28.  The  output  of  summing 

c i r c u i t   23  is  app l i ed   to  headphone  29  via  l ine   31.  

The  purpose  of  a m p l i f i e r   27  is  to  provide  " s i d e t o n e " .   I t  

does  t h i s   by  passing  a  small  por t ion   of  the  output  s ignal   from  mic rophone  

32,  on  l ine   33,  to  summing  c i r c u i t   23.  The  purpose  of  d i g i t a l   t o  

analogue  c o n v e r t e r   21  is ,   as  p r e v i o u s l y   ment ioned,   to  convert   t h e  

a p p r o p r i a t e   d i g i t a l   s i gna l s   appear ing  on  r ece ive   TDM  bus  12  into  ana logue  

s i g n a l s   on  l ine   22.  Note  tha t   the  d i g i t a l   s i g n a l s   on  rece ive   bus  12  a r e  

so le ly   from  d i g i t a l   swi tch ing   o f f i c e   11,  Figure  1  (and  not  from  the  o t h e r  

t e l ephone   sets   10).  The  purpose  of  d i g i t a l   to  analogue  c o n v e r t e r   24  is  t o  

*Trademark 



conver t   the  d i g i t a l   s i g n a l s   appearing  on  l ine  34  into  analogue  s igna l s   on 

l ine   26  ( t h i s   will  be  more  complete ly   descr ibed   l a t e r ) .   Summing  c i r c u i t  

23,  of  course ,   sums  a l g e b r a i c a l l y   the  s igna l s   on  i ts   three   inputs   (namely 

on  l ines   22,  26  and  28)  and  appl ies   the  r e s u l t a n t   sum  to  headphone  29  v i a  

l ine   31 .  

Telephone  set  10  produces  a  signal  on  t r a n s m i t   bus  13. 

Analogue  to  d i g i t a l   c o n v e r t e r   36  rece ives   analogue  s igna l s   from  microphone 

32,  via  l ine   33,  and  t r ans fo rms   them  into  d i g i t a l   PCM  s i g n a l s   on  l ine  37. 

Switch  38,  when  c losed ,   permits   the  signal  on  l ine  37  to  be  passed  to  

t r a n s m i t   bus  13.  Note  that   switch  39  is  open,  in  t e lephone   set  10  (when 

switch  38  is  c l o s e d ) ,   so  that   s igna l s   from  t r ansmi t   bus  13  are  not  passed  

to  l ine  34.  Note  also  that   switches  38  and  39  func t ion   such  that   when  one 

is  open  the  other  is  c l o s e d .  

T a l k - l i s t e n   s t a t e   c o n t r o l l e r   42  de termines   whether  or  not  

t e l ephone   set  10  is  to  " ta lk"   ( i . e .   to  be  ac t ive )   or  to  " l i s t e n "   ( i . e .   t o  

be  p a s s i v e ) .   Note   tha t   all  sets  10  will  receive   s igna l s   from  receive  TDM 

bus  12  all  the  time  ( i . e .   s igna l s   received  from  switching  o f f i ce   11)  and 

the  " l i s t e n i n g "   mentioned  above  re fe rs   to  l i s t e n i n g   to  other   t e l e p h o n e  

sets  10  on  loop  15. 

Sta ted  in  s i m p l i s t i c   terms,  s t a t e   c o n t r o l l e r   42  i s  

r e spons ive   both  to  s i g n a l s   from  comparison  c i r c u i t   41  and  from  address  and 

message  r e c e i v e r - d e c o d e r   50.  The  funct ion  of  r e c e i v e r - d e c o d e r   50  is  to  

rece ive   control   s igna l s   (time  domain  mul t ip lexed   with  the  PCM  s igna ls   on 

bus  12)  from  swi tching  o f f i ce   11  (Figure  1).  These  command  s i g n a l s  

c o n s i s t   of  the  usual  commands  common  in  d i g i t a l   te lephony  (e .g .   r i n g i n g  

s i g n a l s ,   t i m e s l o t   a s s ignment ,   e t c . )   and  also  include  two  special   s i g n a l s  

for  th is   a p p l i c a t i o n .   The  f i r s t   special   signal  (GOL,  on  l ine  74) 



i n d i c a t e s   t ha t   another   t e l ephone   set  10  is  r e q u e s t i n g   to  en ter   the  a c t i v e  

mode  and  the  sub jec t   t e l ephone   set  10  is  being  ordered  into  the  p a s s i v e  

mode,  and  the  second  special   signal  (GOT,  on  l ine  75)  is  an  . 

acknowledgement   s ignal   o rde r ing   the  subjec t   set  10  to  en ter   the  a c t i v e  

mode.  As  long  as  only  one  set  10  is  "o f f -hook" ,   it  is  enabled  in  t h e  

a c t i v e   mode  by  swi tch ing   o f f i c e   11.  Note  that   t h e  c o n v e n t i o n   used 

t h r o u g h o u t   t h i s   s p e c i f i c a t i o n   is  tha t   a  signal  with  a  l ine   over  it  ( e . g .  

REQ)  i n d i c a t e s   tha t   the  signal  is  "low"  ( i . e .   log ic   0)  when  t rue  and 

"high"  ( i . e .   log ic   1)  when  f a l s e .   A  signal  wi thout   a  l ine   over  it  i s  

"high"  ( i . e .   log ic   1)  when  t rue  and  "low"  ( i . e .   log ic   0)  when  f a l s e .  

When  t e l ephone   set  10  is  in  the  pass ive   mode  ( i . e .  

" l i s t e n i n g "   on ly) ,   comparison  c i r c u i t . 4 1   monitors   the  magnitude  of  the  PCM 

s i g n a l s   appear ing   on  i t s   A  and  B  inpu t s . "   The  PCM  s i g n a l s   appear ing  at  t h e  

A  input   of  comparison  c i r c u i t   41  are  PCM  s igna l s   t ha t   o r i g i n a t e d   from 

microphone  32.  The  PCM  s i g n a l s   appear ing  at  the  B  input  of  compar i son  

c i r c u i t   41  are  PCM  s i g n a l s   rece ived   from  t r ansmi t   TDM  bus  13,  when  s w i t c h  

39  is  c losed .   Note  tha t   the  PCM  s igna l s   appear ing  on  bus  13  are  s i g n a l s  

from  the  t e l ephone   sets  10  connected  to  loop  15.  Note  a l so ,   that   s w i t c h e s  

38  and  39  are  not  both  closed  s i m u l t a n e o u s l y ;   when  switch  38  is  open 

swi tch   39  is  c l o s e d ,   and  v i c e - v e r s a .  

Address  and  message  s e l e c t o r - s e n d e r   55  f u n c t i o n s   to  send 

command  s i g n a l s   from  t e l ephone   set  10  to  switching  o f f i c e   11  (Figure   1 ) ,  

via  l ine   37  and  t r a n s m i t   TDM  bus  13.  These  command  s i g n a l s   c o n s i s t   of  t h e  

usual  commands  common  in  d i g i t a l   te lephony  (e .g .   "o f f -hook"   or  reques t   f o r  

s e r v i c e ,   d i a l l i n g   codes,   e t c . )   and  also  include  th ree   spec ia l   s igna l s   f o r  

t h i s   a p p l i c a t i o n .   The  f i r s t   specia l   signal  (REQ,  on  l ine   76)  i n d i c a t e s  

t ha t   the  sub jec t   t e l ephone   set  10  is  r eques t ing   to  en te r   the  ac t ive   mode 



and  the  o ther   t e l ephone   sets  10  on  loop  15  are  being  ordered  into  t h e  

pas s ive   mode.  The  second  special   signal  (LTN,  on  l ine   77)  is  a  s t a t u s  

s i g n a l ,   sent  when  the  subjec t   t e lephone   set  10  is  acknowledging  that   a 

command  from  swi tch ing   o f f i ce   11  to  enter   the  pass ive   mode  was  r e c e i v e d  

and  execu ted .   The  t h i rd   special   signal  (TLK,  on  l ine   78)  is  a  s t a t u s  

s ignal   acknowledging  GOT,  and  informing  swi tching  o f f i c e   11  that   t he  

_ sub j ec t   t e lephone   set  10  is  in  the  ac t ive   mode. 

Timing  signal  and  clock  g e n e r a t o r   60  produces  the  s i g n a l s  

d e p i c t e d   in  Figure  8.  The  r e f e rence   t iming  for  these  s igna l s   is  d e r i v e d  

from  the  bit   stream  appear ing  on  rece ive   TDM  bus  12,  via  l ine  19.  As  t h e  

g e n e r a t i o n   of  these   s i gna l s   is  well  known,  the  c i r c u i t r y   of  gene ra to r   60 

will  not  be  desc r ibed   in  g r e a t e r   d e t a i l .  

Looking  at  the  c i r c u i t r y   of  t e lephone   set  10  in  more  d e t a i l ,  

comparison  c i r c u i t   41  is  depic ted   in  Figure  3,  and  the  components  t h e r e o f  

are  i n t e r c o n n e c t e d   as  shown,  and  a t t e n t i o n   is  d i r e c t e d   t h e r e t o .  

E i g h t - b i t   sh i f t   r e g i s t e r   46  r ece ives   a  ser ia l   input  of  

d i g i t a l   s igna l s   (PCM  signal  A)  from  l ine  37  and  o u t p u t s ,   in  p a r a l l e l  

format ,   seven  d i g i t a l   b i t s   to  magnitude  compar i tor   49  (note  that   t h e  

e igh th   or  sign  bit   is  not  sent  to  comparator   49).  S i m i l a r l y ,   e i g h t - b i t  

s h i f t   r e g i s t e r   48  r ece ives   a  s e r i a l   input  of  d i g i t a l   s igna l s   (PCM  s i g n a l  

B)  from  t r ansmi t   bus  13  (via  switch  39,  when  c l o s e d ) ,   and  ou tpu t s ,   in 

p a r a l l e l   format,   seven  d i g i t a l   b i ts   to  modi f ie r   47;  i . e .   signal  B  l e s s  

i t s   sign  b i t .   Modif ier   47  func t ions   to  inc rease   the  value  of  signal  B  t o  

produce  an  augmented  signal  B'.  The  d e t a i l s   of  modi f i e r   47  are  d e s r i b e d  

l a t e r ,   in  con junc t ion   with  Figure  4.  The  output  of  modi f ie r   47  i s  

a p p l i e d ,   in  p a r a l l e l   format,   to  magnitude  comparator  49.  

Magnitude  comparator  49  is  comprised  of  two  model  7485 



c o m p a r a t o r s   by  Texas  I n s t r u m e n t s ,   connected   so  as  to  compare  eight  b i t s   on 

one  of  i t s   inputs   (A1)  with  e ight   b i t s   on  i ts   o ther   input  (Bl) .   Note  t h a t  

the  s ignal   A,  input  to  comparator   49,  r e p r e s e n t s   the  magnitude  b i t s   of  a 

PCM  (pu l se   code  modula t ion)   s i g n a l ;   i . e .   an  8 -b i t   PCM  word  less  the  s i g n  

b i t .   The  e igh th   bi t   of  input  Al  is  suppl ied   with  a  cons tan t   logic  0 

s i g n a l .   If  |A|  is  g r e a t e r   than  | B ' | ,   ( i . e .   Al>  Bl)  then  output  signal  51 

from  compara to r   49  is  a  logic  1;  o the rwi se   it  i s  a   logic  0 .  

Assume  for  the  moment  tha t   Al>  B1.  Therefore   output  s i g n a l  

51  from  compara tor   49  is  a  logic   1.  Up-down  counter   52  c o n s i s t s   of  two 

Texas  I n s t r u m e n t s   SN74193  4 -b i t   coun te r s   connected  so  as  to  provide  an 

8 - b i t   c o u n t e r ,   capable   of  count ing   to  255.  NAND  gate  53  feeds  t h e  

coun t -up   input  54  of  counter   52  and  NAND  gate  56  feeds  the  count-down 

input   57  of  the  coun te r .   Carry  output   58  of  counter   52  is  a  logic  1  (when 

no  carry   is  p r e s e n t ) ;   th i s   logic   signal  on  output  58  is  applied  t o  

i n v e r t e r   70,  the  output  of  which  is  s ignal   DEC  (on  l ine   35).  A  c l o c k  

s igna l   (8  KHz)  is  appl ied  to  one  input  of  AND  gate  59  and  signal  ENC  (on 

l i n e   40)  is  appl ied   to  the  other   input  of  gate  59.  The  r e s u l t   is  an 

output   s ignal   from  AND  gate  59  tha t   is  the  same  as  the  clock  signal  when 

s ignal   ENC  is  a  logic   1,  and  is  a  logic   0  o t h e r w i s e .  

NAND  gate  53  has  a  logic  1  ( s i g n a l   51)  on  one  of  i ts   i n p u t s  

(when  A1>B1)  and  has  a  logic  s ignal   (from  AND  gate  59)  a l t e r n a t i n g  

between  a  log ic   1  and  a  logic  0  on  i ts   o ther   input .   This  r e s u l t s   in  a 

log ic   s ignal   being  applied  to  input  54  of  counter   52  tha t   a l t e r n a t e s  

between  a  logic   1  and  a  logic  0.  I n v e r t e r   61  produces  a  logic  0  signal  t o  

be  app l i ed   to  one  input  of  NAND  gate  56  and  consequen t ly   the  output  o f  

NAND  gate  56  appl ied   to  down  input  57  is  a  logic  1.  Since  down  input  57 

has  a  logic   1  and  up  input  54  has  an  input  a l t e r n a t i n g   between  logic  1  and 



log ic   0,  counter   52  counts  up.  Data  inputs   62  (of  which  there   are  e i g h t )  

de te rmines   at  which  number  up-down  counter   52  begins  count ing;   in  t h e  

embodiment  of  Figure  2  they  are  fed  with  the  value  127  in  binary  fo rmat  

( i . e .   128  down  from  the  maximum  count  of  255).  This  funct ion   is  performed 

by  eight   swi tches ,   i n d i c a t e d   c o l l e c t i v e l y   as  switches  63,  which  are  each 

SPOT  ( s i n g l e   pole  double  throw)  swi tches   capable  of  connect ing   e i t h e r   t o  

ground  p o t e n t i a l   ( i . e .   logic   0)  or  to  the  p o s i t i v e . p o t e n t i a l   ( i . e .   l o g i c  

1 ) .  

Up-down  counter   52  is  s t a r t e d   by  a  logic  0  pulse  a p p e a r i n g  

on  load  input  44  and  being  followed  by  a  cons tan t   logic  1  s t a te   ( i . e .  

s ignal   ENC).  Counter  52  then  begins  coun t ing ,   commencing  from  the  number 

app l i ed   to  i ts   data  input  62.  It  counts  up  one  fo r  each   t r a n s i t i o n   from  a 

log ic   0  to  a  log ic   1  appl ied   to  i ts   up  input  54  (as  long  as  input  57 

remains  at  a  logic  1).  When  the maximum  count  is  reached  ( i . e .   255j  t h e  

car ry   output  58  produces  a  logic   0  which  is  sent  to  i n v e r t e r   70.  

Back t rack ing   a  l i t t l e ,   assume  that   the  maximum  count  has  not  

yet  been  reached  and  the  value  of  A  and  B'  change  such  that   A1≤B1.  Then 

output   signal  51  becomes  a  logic  0  and  the  output  of  NAND  gate  53  a p p l i e d  

to  up  input  54  is  a  cons tan t   logic  1.  The  output  of  NAND  gate  56,  a p p l i e d  

to  down  input  57  a l t e r n a t e s   between  logic  1  and  logic  0,  and  c o n s e q u e n t l y  

counte r   52  counts  down.  Note  that   input  A  of  NAND  gate  56  is  the  c l o c k  

s i g n a l ,   input  B  is  the  inverse  of  signal  51  ( i . e .   a  logic  1  s igna l )   and 

assuming  X  >  Y,  then  input  C  is  a  logic  1  s i gna l ;   consequen t ly   the  o u t p u t  

of  NAND  gate  56  a l t e r n a t e s   between  logic  0  and  logic  1  (and  c o n s e q u e n t l y  

counter   52  counts  down).  

Magnitude  comparator  64  is  used  to  ensure  that   counter  52 

does  not  count  down  too  far.   A  minimum  count  ( i . e .   191,  or  64  down  from 



the  maximum,  in  th i s   embodiment)  is  appl ied  to  input  Y  of  comparator   64 

via  e ight   SPOT  swi tches   r e f e r enced   c o l l e c t i v e l y   as  swi tches   66.  The  c o u n t  

from  counter   52,  taken  from  count  output   67,  is  app l i ed   to  input  X  o f  

comparator   64.  As  long  as  the  input  on  X  is  l a r g e r   than  the  input  of  Y, 

( i . e .   X  >  Y)  the  output   on  te rminal   65  of  comparator   64  will   be  a  logic  1 ;  

o the rwi se   it  will  be  a  logic  0.  Consequent ly ,   when  the  input  on  X  e q u a l s  

the  input  on  Y,  of  compara tor   64,  output   terminal   65  becomes  a  logic  0 ,  

the  output   of  NAND  gate  56  becomes  a  cons tan t   log ic   1,  and  the  down  c o u n t  

s tops .   Once  Al  >  Bl,  s ignal   51  once  again  becomes  a  logic   1,  and  the  up 

count  can  recommence.  

Figure  4  d e p i c t s   mod i f i e r   47  of  Figure  3,  and  i t s  

i n t e r c o n n e c t i o n   between  s h i f t   r e g i s t e r   48  and  magnitude  comparator   49.  

The  devices   are  i n t e r c o n n e c t e d   as  shown  in  Figure  4  and  a t t e n t i o n   i s  

d i r e c t e d   t h e r e t o .   The  most  s i g n i f i c a n t   bit  of  the  PCM  word  is  the  s i g n  

bi t   and  is  not  used  in  the  compar ison;   t h i s   bi t   is  i n d i c a t e d   as  bit   0  i n  

s h i f t   r e g i s t e r   48.  Modif ier   47  is  based  upon  a  4 -b i t   ful l   adder  68  ( e . g .  

Texas  I n s t rumen t   SN7483A). 

OR  gate  69  r ece ives   on  i ts   three   i n p u t s ,   b i t s   1,  2,  and  3  o f  

the  PCM  wdrd  (which  i n d i c a t e   the  segment  number  of  the  PCM  word).  To 

provide  a  swi t ch ing   t h r e s h o l d ,   the  abso lu te   magnitude  of  s ignal   B  i s  

inc remented   by  e i t h e r   one  or  two  segments  before  compar i s ion   with  t h e  

a b s o l u t e   magnitude  of  signal  A.  Signal  B  is  incremented   by  only  one 

segment  if  i t s   PCM  magnitude  f a l l s   in  the  f i r s t   segment  ( i . e .   b i t s   1,  2 

and  3  are  all  logic   0 ' s )   and  by  two  segments  if  i t s   PCM  value  f a l l s   in  any 

of  the  o ther   seven  segments  (note  that   maximum  ampl i tude   is  a  PCM  word 

with  all  log ic   1 ' s ) .   Note  also  that   for  adder  68,  A  is  the  l e a s t  

s i g n i f i c a n t   bi t   of  the  A  i n p u t s ,   B  is  the  l eas t   s i g n i f i c a n t   bi t   of  the  B 



i n p u t s ,   and  Σ1 is  the  l ea s t   s i g n i f i c a n t   bi t   of  the  Σ  o u t p u t s .   Note  a l s o  

tha t   the  plus  (+)  input  to  A  r e p r e s e n t s   a  logic  1,  and  the  ground  i n p u t s  

to  B4,  A2,  A3,  and  A4  r e p r e s e n t   a  logic  0.  As  a  f i r s t   a l t e r n a t i v e   f o r  

mod i f i e r   47,  a  s u i t a b l y   programmed  ROM  (Read  Only  Memory)  addressed  by  t h e  

seven  magnitude  b i t s   from  r e g i s t e r   48  could  be  employed.  A  second 

a l t e r n a t i v e   is  to  omit  mod i f i e r   47  a l t o g e t h e r   so  that   the  a b s o l u t e  

magni tudes   of  s i gna l s   A  and  B  are  compared  by  comparator   49.  

Figure  5  d e p i c t s ,   in  s i m p l i f i e d   form,  address   and  message 

r e c e i v e r - d e c o d e r   50.  Dig i ta l   control   s i g n a l s   from  rece ive   TDM  bus  12  a r e  

r ece ived   in  s e r i a l   fashion  by  s h i f t   r e g i s t e r   80  (e .g .   a  T . I .   SN74164)  v i a  

l ine   81.  Four  b i t s   from  the  8 - b i t   word  are  applied  to  decoder  82  (e .g .   a 

T . I .   SN74154) .   These  four  b i t s   are  the  "message"  or  control   b i t s   and  a r e  

decoded  into  one  of  s ix teen   mutual ly   e x c l u s i v e   outputs   when  i n p u t  

t e r m i n a l s   G1  and  G2  are  both  at  logic  0 .  

The  remaining  four  b i ts   s tored  in  r e g i s t e r   80  are  t h e  

"address"   b i t s   and  are  appl ied   to  4 -b i t   magnitude  comparator   83  (e .g .   A 

T . I .   SN7485).  Address  programming  switches   84a,  84b,  84c,  and  84d 

( r e f e r r e d   to  c o l l e c t i v e l y   as  switches  84)  de termine   the  address  for  each 

i n d i v i d u a l   t e lephone   set  10.  As  shown  in  Figure  5,  switches  84  are  set  to  

give  the  address   1000  (in  binary  fo rmat ) .   If  the  address   b i ts   appl ied  to  

input  t e r m i n a l s   A0,  Al,  A2,  and  A3  of  comparator   83  are  the  same  as  t h e  

address   b i t s   ABO,  AB1,  AB2,  and  AB3  appl ied   to  input  t e r m i n a l s   BO,  Bl,  B2, 

and  B3,  r e s p e c t i v e l y   of  comparator   83,  then  the  output  terminal   A=B  is  a 

logic   1  ( i f   input  terminal   A=B  is  also  a  logic  1).  This  r e s u l t s   in  l o g i c  

0  being  appl ied   to  input  t e r m i n a l s   Gl  and  G2  of  decoder  82  via  i n v e r t e r s  

86  and  87  r e s p e c t i v e l y ,   r e s u l t i n g   in  the  a c t i v a t i o n  ( o r   enabl ing)   o f  

decoder  82.  R e s i s t o r s   88a,  88b,  88c,  and  88d  are  r e f e r r e d   to  as  " p u l l - u p "  



r e s i s t o r s   to  provide  a  logic  1  ( i . e .   +5  v o l t s )   at  t e r m i n a l s   BO  to  B3  o f  

compara tor   83  when  a  switch  84  is  open,  or  to  provide  a  logic  0  ( i . e .  0  

v o l t s )   at  t e r m i n a l s   BO  to  B3  of  comparator   83  when  a  switch  84  is  c l o s e d .  

The  address   b i t s   ABO,  AB1,  AB2,  and  AB3  are  also  appl ied   to  address  and 

message  s e l e c t o r - s e n d e r   55  (Figure   7)  as  i n d i c a t e d ,   via  address   bus  85.  

Timing  signal  T3  is  i n v e r t e d   by  i n v e r t e r   89.  Timing  s i g n a l s  

T1 and  TO  are  appl ied   as  shown  and  a  clock  s ignal   with  a  f requency  of  256 

KHz  is  app l ied   to  the  clock  input  of  s h i f t   r e g i s t e r   80.  

The  f i r s t   four teen   ou tpu ts   ( i . e .   t e r m i n a l s   0  to  13 

i n c l u s i v e )   of  decoder  82  are  cont ro l   s i g n a l s   employed  for  purposes  o t h e r  

than  the  ex t ens ion   s e rv ice   of  the  p re sen t   i n v e n t i o n   ( e .g .   loop  c o n t r o l  

commands  such  as  t i m e s l o t   a s s ignment ,   loop  back  for  maintenance  p u r p o s e s ,  

e t c . ) .   For  the  p resen t   a p p l i c a t i o n ,   only  two  cont ro l   s i g n a l s ,   from 

t e r m i n a l s   14  and  15  of  decoder  82  are  employed.  These  two  s igna l s   from 

decoder   82  (from  t e r m i n a l s   14  and  15)  are  app l ied   to  S -  R  l a t ch   92;  n o t e  

t h a t   the  s ignal   from  terminal   14  is  a p p l i e d  v i a   AND  gate  93,  the  o t h e r  

input   of  which  is  an  OFF-ON  s ignal   94  (which  is  a  logic  1  signal  f o r  

o f f -hook   and  a  logic  0  signal  for  on-hook) .   The  output  of  la tch  92  is  t h e  

log ic   signal  GOT  which  is  a  logic  1  for  "Go  into  the  Talking  s t a t e"   ( i . e .  

become  a c t i v e )   and  a  logic  0  o t h e r w i s e .  

Likewise ,   the  same  two  s i g n a l s   from  decoder  82  ( f rom 

t e r m i n a l s   14  and  15)  are  appl ied  t o  S -   R  l a t c h   96;  note  that   the  s i g n a l  

from  te rmina l   15  is  appl ied   via  AND  gate  97,  the  other   input  of  which  i s  

OFF-ON signal  94.  The  output  of  l a tch   96  is  the  logic  signal  GOL  which  i s  

a  log ic   1  for  "Go  into  the  L i s t e n i n g   s t a t e "   ( i . e .   become  pass ive)   and  a 

log ic   0  for  don ' t   go  into  the  l i s t e n i n g   s t a t e   ( i . e .   remain  in  the  a c t i v e  

s t a t e ) .   Note  that   terminal   14  of  decoder  82  goes  to  a  logic   0  when  a 



command  is  r e ce ived ,   from  swi t ch ing   o f f i c e   11,  to  become  "pass ive"   and 

t e rmina l   15  of  decoder  82  goes  to  a  logic   0  when  a  command  is  r e c e i v e d ,  

from  swi tch ing   o f f i c e   11  to  become  " a c t i v e " .   The  command  to  become 

pass ive   (on  terminal   14)  se ts   la tch   96  ( i . e .   produces  GOL)  and  r e s e t s  

l a t ch   92  if  it  was  se t .   S i m i l a r l y   the  command  to  become  ac t ive   (on 

t e rmina l   15)  se ts   la tch   92  and  r e s e t s   la tch  96.  Both  l a t ches   96  and  92 

are  r ese t  when   t e lephone   set  10  is  re turned   to  the  "on-hook"  s t a t e   ( i . e .  

o f f - o n  s i g n a l   94  is  a  logic  0 ) .  

F i n a l l y ,   two  s i g n a l s ,   one  from  the  output  of  i n v e r t e r   87  and 

one  from  the  output  of  i n v e r t e r   89  are  applied  to  S  -   R  l a t c h   98.  The 

output   of  l a tch   98  is  the  logic  signal  AEQ  which  is  a  logic  1  for  "Address  

equals   set  address"   and  a  logic   0  for  address  doesn ' t   equal  set  a d d r e s s .  

Figure  6  d e p i c t s   the  c i r c u i t r y ,   in  s i m p l i f i e d   form,  o f  

T a l k - l i s t e n   s t a t e   c o n t r o l l e r   42.  The  c i r c u i t r y   is  i n t e r c o n n e c t e d   as 

dep i c t ed   in  Figure  6  and  a t t e n t i o n   is  d i r ec t ed   t h e r e t o .   J-K  f l i p - f l o p   100 

(e .g .   T.I .   SN74LS73)  is  c l ea red   by  the  OFF-ON signal  94  and  is  clocked  by 

a  256  KHz  clock  signal  appl ied  to  i ts   clock  i n p u t .  

S i m i l a r l y ,   J-K  f l i p - f l o p   113  (e .g.   T.I .   SN74LS73)  is  c l e a r e d  

by  the  OFF-ON signal  94  and  is  clocked  by  a  256  KHz  clock  signal  a p p l i e d  

to  i t s   clock  i n p u t .  

To  i l l u s t r a t e   the  ope ra t ion   of  t a l k - l i s t e n   s ta te   c o n t r o l l e r  

42,  assume  for  exemplary  purposes  that   the  te lephone  set  10  unde r  

c o n s i d e r a t i o n   is  off-hook  ( i . e .   OFF-ON is  a  logic  1).  Assume  also  t h a t  

there   is  another  te lephone  set  10  as  an  extension  that   is  o f f -hook .   The 

other   s igna l s   are  as  fo l lows:   GOT  is  a  logic  1;  DEC  is  a  logic  1;  GOL  is  a 

logic   0;  and  AEQ  is  a  logic  1.  

When  o f f - o n  s i g n a l   94  bec3mes  a  logic  1,  f l i p - f l o p s   100  and 



113  are  a c t i v a t e d .   I n i t i a l l y   (when  the  Q  output  of  both  f l i p - f l o p s   100 

and  113  was  logic   0),  the  logic   signal  ENC  was  a  logic  0;  LTN  was  a  l o g i c  

1;  REQ was  a  log ic   1;  and  TLK  was  a  logic   1.  The  output   of  OR  gate  121 

( i . e .   EN1)  was  the  same  as  waveform  T2  and  the  output  of  AND  gate  119  was 

the  same  as  waveform  T3.  Note  that   the  input  to  gate  117  is  e i t h e r   Tl  o r  

T3  depending  upon  the  channel  a s s i g n m e n t s ;   for  t h e  a s s i g n m e n t s   i n d i c a t e d ,  

the  input  to  gate  117  is  T3. 

Because  of  the  s i g n a l s   i n i t i a l l y   appl ied  to  them,  the  o u t p u t  

of  AND  gates  102  and  103  were  both  logic   0  s i g n a l s .   This  means  tha t   t h e  

s i g n a l s   now  being  appl ied   to  the  J  and  K  inputs   of  f l i p - f l o p   100  are  l o g i c  

0 ' s .   This  r e s u l t s   in  the  Q  output   remaining  at  a  logic  0  (as  i n i t i a l l y ) .  

However,  the  logic   signal  tha t   has  been  app l i ed   (all  a l o n g )  

to  the  J  input   of  f l i p - f l o p   113  is  a  logic   1  s i gna l ,   and  now  tha t   t h e  

c l ea r   input  of  f l i p - f l o p   113  is  r e c e i v i n g   a  logic  1  s i g n a l ,   f l i p - f l o p   113 

is  a c t i v a t e d   and  produces  a  logic   1  s ignal   on  i ts   Q  output   (and 

c o n s e q u e n t l y   a  logic   0  signal  on  i t s   Q  o u t p u t ) .   This  has  no  e f f e c t   on  t h e  

s i g n a l s   ENC,  LTN  and  REQ,  as  they  stay  as  they  were  at  logic  0,  1  and  1 

r e s p e c t i v e l y .   Signal  TLK becomes  a  logic   0  since  the  two  inputs   to  NAND 

gate  111  are  both  log ic   1 ' s .   Signal  EN1  becomes  the  combinat ion   o f  

waveforms  T2  and  T3  and  signal  EN2  becomes  a  cons tant   logic   0.  The  o u t p u t  

of  AND  gate  103  becomes  a  logic  1  ( app l i ed   to  the  K  input   of  f l i p - f l o p  

100),  but  th is   does  not  change  the  outputs   of  f l i p - f l o p   100.  

The  opera t ion   of  f l i p - f l o p s   100  and  113  and  a s s o c i a t e d  

s igna l s   can  be  summarized  as  shown  in  Figure  11. 

Figure   7  dep ic t s   the  c i r c u i t r y   of  address  and  message 

s e l e c t o r - s e n d e r   55,  in  s i m p l i f i e d   form.  Encoders  130  and  131  (e .g .   T . I .  



SN74148)  rece ive   logic  s i g n a l s   on  t h e i r   input  t e r m i n a l s   0  to  7  tha t   a r e  

encoded  as  a  three  bit   b inary   signal  on  t h e i r   output   t e r m i n a l s   A0,  Al,  and 

A2.  Encoder  130  is  r e spons ive   to  the  logic  s i g n a l s   LTN,  REQ,  and  TLK  on 

i t s   input  t e r m i n a l s   7,  6,  and  5,  r e s p e c t i v e l y .   Encoder  130  is  a l s o  

r e spons ive   to  (as  is  Encoder  131)  the  s igna l s   from  the  dial  pad  ( n o t  

shown)  and  the  hookswitch  (not  shown).  The  logic  s i g n a l s   on  the  o u t p u t  

t e r m i n a l s   of  Encoders  130  and  131  are  combined  by  NAND  gates  132,  133,  and 

134  and  by  i n v e r t e r   136,  as  shown.  The  outputs   of  NAND  gates   132,  133,  

and  134  along  with  the  o u t p u t  o f   i n v e r t e r   136  are  appl ied   to  the  A,  B,  C, 

and  D  i n p u t s ,   r e s p e c t i v e l y ,   of  p a r a l l e l - l o a d   e i g h t - b i t   s h i f t   r e g i s t e r   137. 

( i . e .   a  T. I .   SN74165).  The  inputs  E,  F,  G,  and  H  of  r e g i s t e r   137  r e c e i v e  

the  address   b i t s   ABO,  AB1,  AB2,  and  AB3,  r e s p e c t i v e l y ,   from  Figure   5. 

This  in fo rmat ion   is  o u t p u t t e d ,   in  se r ia l   f a sh ion ,   from  output  terminal   QH 

of  r e g i s t e r   137.  A  256  KHz  clock  signal  is  appl ied   to  the  clock  input  o f  

r e g i s t e r   137. 

Timing  signal  T1  along  with  logic  signal  AEQ  (on  l ine  79) 

are  appl ied   to  NAND  gate  138,  the  output  of  which  is  appl ied   to  the  EI 

input   of  Encoder  131  and  to  the  s h i f t / l o a d   input  of  r e g i s t e r   137.  Timing 

s ignal   T2  along  with  logic  signal  AEQ  are  applied  to  NAND  gate  139,  t h e  

output   :f  which  is  app l ied   to  the  clock  i n h i b i t   terminal   of  r e g i s t e r   137. 

When  AEQ  is  a  logic  1  signal  ( i . e .   address   equals  s e t  

address)   the  output  of  NAND  gate  138  is  the  inverse   of  the  t iming  s i g n a l  

T1  appl  ed   to  i ts   other  input .   S i m i l a r l y ,   when  AEQ  is  a  logic  1  t h e  

output   of  NAND  gate  139  is  the  inverse  of  the  t iming  signal  T2  appl ied  t o  

i t s   other  input .   When  AEQ  is  a  logic  0  signal  the  output  of  both  NAND 

gates  138  and  139  is  a  c o n s t a n t   logic  1.  

Figure  8  d e p i c t s   the  waveforms  TO,  Tl,  T2,  and  T3  along  w i t h  



the  s i g n a l s   appear ing   on  r ece ive   bus  12  and  t r a n s m i t   bus  13.  The  s i g n a l s  

appear ing   on  r ece ive   bus  12  (Figure   8a)  take  the  format  of  four  t i m e s l o t s  

t h a t   keep  r e p e a t i n g .   The  f i r s t   t i m e s l o t ,   in  each  group  of  four ,   c o n t a i n s  

a  four  b i t   address   code  i n d i c a t e d   as  A,  B,  or  C  (to  address   one  of  t h e  

e x t e n s i o n   t e l e p h o n e s   10,  in  Figure  1)  and  a  four  bit   cont ro l   word,  

i n d i c a t e d   as  CW,  to  be  acted  upon  by  the  addressed  ex t ens ion   ( t h i s   i s  

r e f e r r e d   to  as  s i g n a l l i n g ) .   The  next   t i m e s l o t   con t a in s   a  PCM  word,  

i n d i c a t e d   as  PCM,  sent  from  the  swi tch ing   o f f i c e ,   tha t   con t a in s   d i g i t a l l y  

encoded  voice  data  ( i . e .   " i n f o r m a t i o n " )   to  be  rece ived   by  all  t h e  

e x t e n s i o n s   10a,  lOb,  and  10c  (Figure  1).  The  remaining  two  t i m e s l o t s   a r e  

not  employed.  This  four  t i m e s l o t   cycle  repea ts   i t s e l f ,   the  o n l y  

d i f f e r e n c e   the  second  time  being  that   the  f i r s t   t i m e s l o t   now  con ta ins   t h e  

address   of  a  d i f f e r e n t   ex tens ion   (e .g .   address   B  for  ex tens ion   t e l e p h o n e  

1 0 6 ) .  L i k e w i s e   t h i s   four  t i m e s l o t   cycle  is  repea ted   a  t h i rd   time  with  t h e  

f i r s t   t i m e s l o t   now  c o n t a i n i n g   the  address  of  the  remaining  ex tens ion   ( e . g .  

address   C  for  ex tens ion   t e l ephone   10c).  The  four th   r e p e t i t i o n   of  the  f o u r  

t i m e s l o t   cycle  commences  once  again  with  the  address   A  (for   e x t e n s i o n  

t e l e p h o n e   lOa)  and  the  process  repeats   i t s e l f .  

In  e f f e c t   what  is  happening  on  rece ive   bus  12  is  tha t   each  

e x t e n s i o n   t e lephone   10a,  lOb,  and  10c  is  being  "po l led"   (or  i n s t r u c t e d )   by 

swi t ch ing   o f f i c e   11  (Figure  1)  in  turn.   The  i n s t r u c t i o n s   sent  to  each 

e x t e n s i o n   10  via  the  control   word  (CW)  inc lude   the  commands  to  go  into  o r  

to  remain  in  the  l i s t e n i n g   mode  ( i . e .   to  be  pass ive )   or  to  go  into  or  to  

remain  in  the  t a l k i n g   mode  ( i . e .   to  be  a c t i v e ) .   The  i n fo rma t ion   c o n t a i n e d  

in  the  PCM  signal  r e p r e s e n t s   d i g i t a l l y   encoded  voice  s i g n a l s   and  will  o f  

course  be  changing  every  125  s e c o n d s .  

The  s i g n a l s   on  t r ansmi t   bus  13  (F igure   8b)  fo l low  the  same 



format  as  those  in  Figure  8a  except  that   the  f i r s t   two  t i m e s l o t s   in  each 

group  of  four  t i m e s l o t s   are  not  used.  The  th i rd   t i m e s l o t   in  the  group  o f  

four  con t a in s   a  four  bi t   address ,   i n d i c a t e d   as  A,  (gene ra t ed   by  e x t e n s i o n  

t e l ephone   10a,  to  which  that   address  belongs)   and  a  four  bit  control   word 

(CW)  genera ted   by  that   same  ex tens ion   t e lephone   10a  ( i . e .   " s i g n a l l i n g " ) .  

This  cont ro l   word  CW  conveys  to  the  swi tch ing   o f f i c e   in format ion   r e g a r d i n g  

whether   or  not  tha t   ex tens ion   wishes  to  become  ac t i ve   or  i n f o r m a t i o n  

r ega rd ing   the  s t a tu s   of  that   e x t e n s i o n ,   i . e .   whether  it  is  in  the  a c t i v e  

or  pass ive   s t a t e ,   is  on-hook  or  o f f -hook ,   e tc .   The  four th   t i m e s l o t   in  t h e  

group  con t a in s   an  eight   bit  PCM  word  r e p r e s e n t i n g   a  d i g i t a l l y   encoded 
0 

v o i c e   signal  ( i . e .   " i n f o r m a t i o n " ) .   This  PCM  word  emanates  from  t h e  

e x t e n s i o n   t e l ephone   10  tha t   is  in  the  ac t ive   mode,  which  may or  may  no t  

have  the  address   A  ( i . e .   may or  may  not  be  t e l ephone   lOa).  This  f o u r  

t i m e s l o t   group  is  repeated   a  second  time  with  ex tens ion   te lephone   lOb 

( add re s s   B)  r ep l ac ing   the  ex tens ion   with  address   A.  Likewise  the  group  i s  

r epea t ed   a  th i rd   time  for  address  C  ( ex tens ion   t e l ephone   10c) and  t hen  

r e p e a t s   the  complete  cycle  recommencing  with  address  A.  Note  tha t   if  more 

d i g i t a l   s t a t i o n   apparatus  ( i . e .   t e lephone   sets  or  data  t e rmina l s )   have 

access   to  the  same  bus,  the  po l l ing   cycle  is  ex tended .   Using  four  b i n a r y  

address   b i t s   a  to ta l   of  s ixteen  t e rmina l s   could  be  connected  to  a  s i n g l e  

bus.  In  t h i s   i n s t ance   th:  t e rmina l s   A,  B,  and  C  would  be  polled  once 

every  s ix t een   frames  ins tead   of  once  every  three   f r a m e s .  

Figure  9  serves  to  i l l u s t r a t e   more  comple te ly   the  timing  of  

the  s i g n a l s .   Figures  9a  and  9b  dup l i ca t e   the  rece ive   bus  12  s i gna l s   and 

t r a n s m i t   bus  13  s i g n a l s   Figures  8a  and  8b  r e s p e c t i v e l y .   The  t i m e s l o t s  

on  these  two  buses  have  been  numbered  1  to  16  for  ease  of  r e f e r e n c e .  

Figure   9  d e p i c t s   the  s i g n i l s   of  te lephone  set  10a  ( i . e .   address  A) .  



Figures   9c,  9d,  and  9e  depic t   the  s i gna l s   for  address   A  t h a t  

occur  r e g a r d l e s s   of  whether  t e l ephone   set  lOa  is  a c t i ve   or  p a s s i v e .   In 

t i m e s l o t   1  the  address   A  along  with  control   word  CW  is  r ece ived   ( f rom 

r e c e i v e   bus  12);  t h i s   also  happens  in  t i m e s l o t   13  (F igure   9c).   In 

t i m e s l o t   2  a  PCM  word  o r i g i n a t i n g   with  switching  o f f i c e   11  (Figure   1)  i s  

r e ce ived   (from  rece ive   bus  12);  t h i s   also  happens  in  t i m e s l o t s   6,  10,  and 

14.  In  t i m e s l o t   3,  ex t ens ion   t e l ephone   A  sends  i t s   address   ( i . e .   A)  and  a 

con t ro l   word  ( i . e .   CW)  to  swi tch ing   o f f i ce   11  (Figure   1)  on  t r a n s m i t   bus 

13;  t h i s   is  r epea ted   in  t i m e s l o t   15,  with  CW  changed  in  accordance  w i th  

the  s t a t u s   of  t e l ephone   A  at  tha t   t i m e .  

F igures   9f,  9g,  and  9h  depic t   the  s i g n a l s   for  address   A  t h a t  

occur  when  ex t ens ion   t e l ephone   10a  is  a c t i v e .   Signal  EN1  ( r e c a l l   t h a t  

t h i s   s ignal   c o n t r o l s   the  a p p l i c a t i o n   of  PCM  s igna l s   from  t e l e p h o n e  

e x t e n s i o n   10  to  t r a n s m i t   bus  13;  i . e .   i t   is  a  logic  1  when  the  e x t e n s i o n  

is  t r a n s m i t t i n g ;   see  Figure  2)  is  a  logic  I  during  t i m e s l o t s   3  and  4 .  

This  enables   the  address   and  cont ro l   word  as  well   as  the  PCM  signal  from 

e x t e n s i o n   t e l e p h o n e   10a  to  be  t r a n s m i t t e d .   Signal  EN1  is  also  a  logic  1 

dur ing  t i m e s l o t s   8  and  12  to  allow  the  PCM  signal  from  t e l ephone   10a  to  be 

t r a n s m i t t e d   via  t r a n s m i t   bus  13.  During  t imes lo t   15  s ignal   EN1  is  once 

again  a  logic   1  to  once  more  t r a n s m i t   the  address  A  and  con t ro l   word  CW 

from  ex t ens ion   t e l ephone   10a;  during  t i m e s l o t   16  signal   EN1  is  a  logic  1 

to  t r a n s m i t   the  PCM  s i g n a l .  

Since  t e l ephone   10a  is  a c t i v e ,   signal  EN2  (Figure   9g)  is  a t  

a  con t inuous   log ic   0  l e v e l .   This  occurs  so  that   t e l ephone   10a  does  no t  

r e c i e v e   i t s   own  s i gna l s   from  t r a n s m i t   bus  13.  Figure  9h  dep i c t s   the  t ime  

pe r iods   tha t   PCM  i n f o r m a t i o n   from  ex tens ion   te lephone  10a  is  sent  on 

t r a n s m i t   bus  13;  namely  t i m e s l o t s   4,  8,  12,  and  16.  



Figures   9i,  9j,  and  9k  depict   the  s i g n a l s   for  address  A  t h a t  

occur  when  ex tens ion   te lephone   10a  is  pass ive .   Signal  EN1  (Figure   9i)  i s  

a  logic  1  s ignal   only  during  t i m e s l o t s   3  and  15.  That  is ,   only  when 

ex tens ion   t e l ephone   10a  is  t r a n s m i t t i n g   i ts   address  A  and  cont ro l   word  CW 

to  swi tch ing   o f f i c e   11  (Figure  1)  via  t ransmi t   bus  13,  is  EN1  a  logic  1. 

Signal  EN2  is  a  logic  1  signal  during  t i m e s l o t s   4,  8,  12  and  16.  That  i s ,  

every  time  there   is  a  PCM  signal  on  t r ansmi t   bus  13,  from  one  of  the  o t h e r  

ex t ens ion   t e l ephones   10,  signal  EN2  goes  to  a  logic   1  level  to  e n a b l e  

ex tens ion   t e l ephone   10a  to  rece ive   the  PCM  s igna l s   t r a n s m i t t e d   by  a n o t h e r  

ex tens ion   t e lephone   10.  Figure  9K  dep ic t s   the  t iming  of  the  PCM  s i g n a l s  

rece ived   from  the  other  te lephone  ex tens ions   10;  t h i s   is  of  course  t h e  

same  waveform  as  signal  EN2  of  Figure  9 j .  

Figure  10  is  a  flow  chart   dep i c t i ng   the  a d d i t i o n a l   f u n c t i o n s  

tha t   must  be  performed  by  switching  o f f i ce   11  (F igure   1).  Decision  b lock  

140  que r i e s   whether  or  not  any  ex tens ions   ( i . e .   t e l ephone   sets  lOa,  lOb,  

or  10c)  are  o f f -hook .   If  the  answer  is  no ,  t hen   the  main  po l l ing   c o n t r o l  

sequence,   as  is  usua l ly   performed  by  switching  o f f i c e   11  is  f o l l o w e d .  

If  the  answer  from  dec is ion   block  140  is  yes,   then  d e c i s i o n  

block  141  is  accessed .   Decision  block  141  quer ies   whether  or  not  there  i s  

a  r e q u e s t ,   to  enter   the  ac t ive   mode,  pending  from  any  ex tens ion   t e l e p h o n e  

sets   10.  If  the  answer  for  block  141  is  no,  then  the  main  po l l ing   c o n t r o l  

sequence  is  r e - e n t e r e d   d i r e c t l y .  

If  the  answer  from  block  141  is  yes,  then  block  143  i s  

accessed  to  s e l e c t   the  f i r s t   r eques t ing   extens ion  to  go  into  the  a c t i v e  

mode;  then  ac t ion   block  146  is  a c c e s s e d .  

Action  block  146  i n s t i g a t e s   the  sending  of  the  message  to  go 

into  the  pa s s ive   mode  to  all  extens ion  te lephones   10  except  that   e x t e n s i o n  



t e l e p h o n e   10  tha t   has  been  " s e l e c t e d " .  

Then  ac t ion   block  147  is  a cce s sed .   Block  147  sends  t h e  

message  to  go  into  the  ac t ive   mode  to  the  " s e l e c t e d "   ex tens ion   t e l e p h o n e  

10.  The  main  p o l l i n g   control   sequence  is  then  r e - e n t e r e d .  



1.  A  d i g i t a l   s t a t i o n   appara tus   (10)  for  connec t ion   to  a 

s u b s c r i b e r ' s   d i g i t a l   t e l ephone   loop  (12,  13),  said  appara tus   (10)  

c h a r a c t e r i z e d   by:  

means  for  a l lowing  the  opera t ion   of  two  or  more  s a i d  

a p p a r a t u s ( 1 0 ) ,   in  p a r a l l e l ,   on  said  d i g i t a l   l o o p .  

2.  The  d i g i t a l  s t a t i o n   appara tus   of  claim  1  wherein  s a i d  

appara tus   is  a  t e lephone   s e t .  

3.  A  d i g i t a l   s t a t i o n   appara tus   (10)  for  connec t ion   to  a 

t e l ephone   s u b s c r i b e r ' s   d i g i t a l   loop  (12,  13),  having  at  l eas t   a  f i r s t  

r ece ive   channel  for  i n fo rma t ion   and  a  second  receive   channel  f o r  

s i g n a l l i n g   from  common  equipment  (11),   and  having  at  l eas t   a  f i r s t  

t r a n s m i t   channel  for  i n fo rma t ion   and  a  second  t r a n s m i t   channel  f o r  

s i g n a l l i n g   to  the  common  equipment  (11),   said  appara tus   c h a r a c t e r i z e d   by:  

means  for  a l lowing  the  opera t ion   of  two  or  more  s a i d  

a p p a r a t u s ,   in  p a r a l l e l ,   on  said  d i g i t a l   loop  such  that   no  more  than  s a i d  

f i r s t   and  second  r ece ive   channels   and  no  more  than  said  f i r s t   and  second 

t r a n s m i t   channels   are  employed .  

4.  The  d i g i t a l   s t a t i o n   apparatus   of  claim  3  wherein  s a i d  

appara tus   is  a  t e l e p h o n e   s e t .  

5.  A  d i g i t a l   s t a t i o n   apparatus   (10)  for  connect ion   to  a 

s u b s c r i b e r ' s   d i g i t a l   t e l e p h o n e   loop  (12,  13),  having  both  rece ive   c h a n n e l s  



and  t r a n s m i t   c h a n n e l s ,   said  appara tus   (10)  c h a r a c t e r i z e d   b y : . .  

t e rmina l   means  (19)  for  r ece iv ing   d i g i t a l   s i g n a l s   from  s a i d  

r e c e i v e   channe l s   (bus  1 2 ) ;  

f i r s t   switch  means  (39)  for  s e l e c t i v e l y   pass ing  f i r s t  

d i g i t a l   s i g n a l s   ( l i n e   34)  from  a  f i r s t   channel  of  said  t r a n s m i t   c h a n n e l s  

(bus  1 3 ) ;  

second  switch  means  (38)  for  s e l e c t i v e l y   pass ing  second 

d i g i t a l   s i g n a l s   ( l i ne   37)  to  said  f i r s t   channel  of  said  t r a n s m i t   c h a n n e l s  

such  tha t   said  f i r s t   and  second  switch  means  ope ra t e   in  unison  and  one 

said  switch  means  is  open  when  the  other   said  switch  means  is  c losed;   and 

a  comparison  means  (41)  for  comparing  said  f i r s t   d i g i t a l  

s i g n a l s   ( l i n e   34)  and  said  second  d i g i t a l   s i g n a l s   ( l i n e   37),  when  s a i d  

f i r s t   switch  means  (39)  is  c losed ,   and  for  producing  a  s ignal   (DEC) 

i n d i c a t i v e   of  said  c o m p a r i s o n .  

6.  The  d i g i t a l   s t a t i o n   appara tus   of  claim  5  wherein  s a i d  

comparison  means  (41)  is  r espons ive   both  to  the  ab so lu t e   magnitude  of  t h e  

f i r s t   d i g i t a l   s i g n a l s   ( l ine   34)  and  to  the  abso lu t e   magnitude  of  t h e  

second  d i g i t a l   s i g n a l s   ( l ine   37)  and  counts ,   in  a  f i r s t   d i r e c t i o n ,   t h e  

number  of  times  tha t   the  abso lu te   magnitude  of  said  second  d i g i t a l   s i g n a l s  

exceeds  the  abso lu t e   magnitude  of  said  f i r s t   d i g i t a l   s i gna l s   by  a 

p r e d e t e r m i n e d   amount  and  counts  in  a  second  d i r e c t i o n ,   to  a  p r e d e t e r m i n e d  

l i m i t   va lue ,   the  number  of  times  that   it  d o e s n ' t ,   producing  an  o u t p u t  

s ignal   i n d i c a t i v e   of  the  accumula t ive   count  reaching  a  p rede te rmined   l i m i t  

value  in  said  f i r s t   d i r e c t i o n .  

7.  The  d i g i t a l   s t a t i o n   appara tus   of  claim  5  f u r t h e r  

i n c l u d i n g :  



.  r e c e i v e r   means  (50)  both  for  r ece iv ing   and  for  decod ing  

d i g i t a l   s i g n a l s   from  a  second  channel  of  said  receive   channels   (bus  1 2 ) ;  

cont ro l   means  (42),   r e s p o n s i v e   both  to  said  comparison  means 

(41)  and  to  said  r e ce ive r   means  (50),   for  c o n t r o l l i n g   said  f i r s t   s w i t c h  

means  (39)  and  said  second  switch  means  (38),   for  enabl ing   said  compar ison 

means  (41),   and  for  producing  an  i n d i c a t i o n   of  the  s t a t u s   of  s a i d  

a p p a r a t u s ;  

sender  means  (55) ,   r e spons ive   to  said  control   means  ( 4 2 ) ,  

for  s e l e c t i v e l y   applying  a  d i g i t a l   signal  to  a  second  channel  of  s a i d  

t r a n s m i t   channels   (bus  13),  via  siad  second  switch  means  ( 3 8 ) .  

8.  The  d i g i t a l   s t a t i o n   appara tus   of  claim  7  wherein  s a i d  

comparison  means  (41)  is  r espons ive   both  to  the  abso lu te   magnitude  of  t h e  

f i r s t   d i g i t a l   s igna l s   ( l i ne   34)  and  to  the  absolu te   magnitude  of  t h e  

second  d i g i t a l   s igna l s   ( l ine   37)  and  counts  up  the  number  of  times  t h a t  

the  ab so lu t e   magnitude  of  said  second  d i g i t a l   s ignals   exceeds  the  a b s o l u t e  

magnitude  of  said  f i r s t   d i g i t a l   s igna l s   by  a  predetermined  amount  and 

counts   down,  to  a  predetermined  minimum  value,   the  number  of  times  that   i t  

d o e s n ' t ,   producing  an  output  signal  i n d i c a t i v e   of  the  accumula t ive   count  

reach ing   a  p rede te rmined   maximum  v a l u e .  

9.  The  d i g i t a l   s t a t i o n . a p p a r a t u s   of  claim  5,  6,  or  8 

wherein  said  s t a t i o n   apparatus   (10)  is  a  te lephone  s e t .  

10.  The  d i g i t a l   s t a t i on   appara tus   of  claim  6 ,  7 ,   or  8 

f u r t h e r   i nc lud ing   a  f i r s t   d i g i t a l   to  analogue  conver te r   means  (21)  

s e l e c t i v e l y   r espons ive   to  said  d i g i t a l   s igna l s   from  said  receive  c h a n n e l s  



(bus  12),  and  a  second  d i g i t a l   to  analogue  conver t e r   means  (24)  r e s p o n s i v e  

to  said  f i r s t   d i g i t a l   s i g n a l s   ( l i n e   34)  from  said  f i r s t   channel  of  s a i d  

t r a n s m i t   channe ls   (bus  13),  and  a  summing  means  (23)  for  summing  t h e  

output   s i g n a l s   of  said  f i r s t   and  second  conve r t e r   means  so  as  to  produce  a 

composite   analogue  s i g n a l .  

11.  A  d i g i t a l   s t a t i o n   appa ra tus   (10)  for  connec t ion   to  a 

s u b s c r i b e r ' s   d i g i t a l   t e l ephone   loop  (15)  having  a  rece ive   bus  (12)  and  a  

t r a n s m i t   bus  (13) ,   said  appara tus   (10)  c h a r a c t e r i z e d   by:  

a  f i r s t   c o n v e r t e r   means  (21)  for  s e l e c t i v e l y   c o n v e r t i n g  

d i g i t a l   s i g n a l s ,   on  said  r ece ive   bus  (12) ,   into  a  f i r s t   analogue  s i g n a l ;  

a  second  c o n v e r t e r   means  (24)  for  s e l e c t i v e l y   c o n v e r t i n g  

f i r s t   d i g i t a l   s i g n a l s   ( l i n e   34),  from  a  f i r s t   channel  of  said  t r a n s m i t  

bus  (13),   into  a  second  analogue  s i g n a l ;  

a  summing  means  (23)  for  summing  the  f i r s t   and  second 

analogue  s i g n a l s   from  said  f i r s t   and  said  second  c o n v e r t e r   means  so  as  t o  

produce  a  composite   analogue  s i g n a l ;  

a  t h i r d   c o n v e r t e r   means  (36)  for  conver t ing   a  t h i rd   a n a l o g u e  

s ignal   ( l i ne   33)  into  second  d i g i t a l   s i g n a l s   ( l ine   37)  for  s e l e c t i v e  

a p p l i c a t i o n   to  said  f i r s t  c h a n n e l   of  said  t r ansmi t   bus  (13);   and 

a  comparison  means  (41)  for  s e l e c t i v e l y   comparing  said  f i r s t  

d i g i t a l   s i gna l s   and  said  second  d i g i t a l   s igna l s   and  for  producing  a  s i g n a l  

(DEC)  i n d i c a t i v e   of  said  c o m p a r i s o n .  

12.  The  d i g i t a l   s t a t i o n   appara tus   (10)  of  claim  11  w h e r e i n  

said  comparison  means  (41)  is  r e spons ive   to  the  abso lu te   magnitudes  of  t h e  

f i . r s t   and  second  d i g i t a l   s i g n a l s   and  counts  up  the  number  of  times  t h a t  



the  abso lu t e   magnitude  of  said  second  d i g i t a l   s igna l s   exceeds  the  a b s o l u t e  

magnitude  of  said  f i r s t   d i g i t a l   s igna l s   by  a  predetermined  amount  and 

counts  down,  to  a  p rede te rmined   minimum  value,  the  number  of  times  t h a t  

it   d o e s n ' t ,   producing  an  output  signal  i n d i c a t i v e   of  the  a c c u m u l a t i v e  

count  reach ing   a  p rede te rmined   maximum  v a l u e .  

13.  The  d i g i t a l   s t a t i o n   appara tus   of  claim  12  wherein  s a i d  

p r ede t e rmined   amount  is  z e r o .  

14.  The  d i g i t a l   s t a t i o n   appara tus   of  claim  12  wherein  s a i d  

p rede te rmined   amount  r e p r e s e n t s   approximate ly   a  ten  decibel  d i f f e r e n c e   in 

e q u i v a l e n t   analogue  signal  l e v e l .  

15.  A  d i g i t a l   t e lephone   m u l t i - s e t   system  for  connect ion  t o  

a  s u b s c r i b e r ' s   d i g i t a l   te lephone  loop  (15),   having  both  receive   c h a n n e l s  

(bus  12)  and  t r a n s m i t   channels  (bus  13),  said  system  c h a r a c t e r i z e d   by: 

at  l e a s t   two  d i g i t a l   te lephone  apparatus   (10a,  10b)  f o r  

connec t ion   to  said  te lephone  l o o p ;  

one  said  d i g i t a l   t e lephone   apparatus   (lOa)  s e l e c t i v e l y   be ing  

a c t i v e   for  producing  a  t r ansmi t   signal  on  at  l e a s t   a  f i r s t   channel  of  s a i d  

t r a n s m i t   channels   (bus  13)  and  for  r ece iv ing   a  receive   signal  from  a t  

l e a s t   a  f i r s t   channel  of  said  receive  channels   (bus  1 2 ) ;  

the  remaining  d i g i t a l   te lephone  apparatus   (lOb)  s e l e c t i v e l y  

being  pass ive   for  r ece iv ing   both  said  t r ansmi t   signal  from  said  f i r s t  

channel  of  said  t r ansmi t   channels   (bus  13),  and  said  receive  signal  from 

said  f i r s t   channel  of  said  receive  channels   (bus  12);  and 



all  said  t e l ephone   appara tus   (10a,  lOb)  i n c l u d i n g   c o n t r o l  

means  for  a l t e r i n g   the  o p e r a t i o n   of  said  te lephone  appa ra tus   (lOa,  lOb)  so 

tha t   any one  of  said  t e l e p h o n e   appa ra tus   (10a,  lOb)  can  func t ion   as  t h e  

ac t i ve   d i g i t a l   t e l ephone   appa ra tu s   and  the  remaining  d i g i t a l   t e l e p h o n e  

appara tus   (10a,  lOb)  can  func t ion   as  t h e . p a s s i v e   d i g i t a l   t e l e p h o n e  

a p p a r a t u s .  

1 6 .   The  d i g i t a l   s t a t i o n   appara tus   of  claim  15  wherein  s a i d  

r ece ive   channels   and  said  t r a n s m i t   channels   are  time  d i v i s i o n   m u l t i p l e x e d  

on  a  s ing le   pair   of  e l e c t r i c a l   c o n d u c t o r s .  

17.  The  system  of  claim  15  wherein  said  t r a n s m i t   c h a n n e l s  

comprise  a  t r a n s m i t   bus  (13) ,   said  r ece ive   channels  comprise  a  r e c e i v e  

bus  (12),   and  said  t r a n s m i t   bus  and  said  receive   bus  are  each  t i m e  

d i v i s i o n   m u l t i p l e x   b u s e s .  

18.  The  system  of  claim  15,  16  or  17  f u r t h e r   i nc lud ing   a 

s e p a r a t e   s i g n a l l i n g   path ,   d i s t i n c t   from  said  s u b s c r i b e r ' s   d i g i t a l  

t e l ephone   loop,  i n t e r c o n n e c t i n g   all  said  t e lephone   a p p a r a t u s .  

19.  The  d i g i t a l   t e lephone   m u l t i - s e t   system  of  claim  15,  16,  

or  17  wherein  said  d i g i t a l   t e l ephone   appara tus   are  d i g i t a l   t e l ephone   s e t s .  

20.  The  d i g i t a l   t e lephone   m u l t i - s e t   system  of  claim  15,  16,  

or  17  wherein  said  d i g i t a l   t e l ephone   appara tus   are  d i g i t a l   t e l ephone   s e t s  

and  are  two  in  number .  



21.  The  d i g i t a l   t e lephone   m u l t i - s e t   system  of  claim  15,  16,  

or  17  wherein  said  d i g i t a l   t e lephone   appara tus   are  d i g i t a l   t e lephone   s e t s  

and  are  th ree   in  number .  

22.  The  system  of  claim  15  wherein  said  t e lephone   a p p a r a t u s  

are  t e l ephone   sets  and  each  said  t e lephone   set  c o m p r i s e s :  

a  f i r s t   c o n v e r t e r   means  (21)  for  s e l e c t i v e l y   c o n v e r t i n g  

d i g i t a l   s i g n a l s ,   on  said  f i r s t   channel  of  said  rece ive   channels   (bus  

12),  into  a  f i r s t   analogue  s i g n a l ;  

a  second  c o n v e r t e r   means  (24)  for  s e l e c t i v e l y   c o n v e r t i n g  

f i r s t   d i g i t a l   s i g n a l s   ( l i ne   34),  from  said  f i r s t   channel  of  said  t r a n s m i t  

channels   (bus  13),  into  a  second  analogue  s i g n a l ;  

a  summing  means  (23)  for  summing  the  f i r s t   and  second 

analogue  s i g n a l s   from  said  f i r s t   and  said  second  conve r t e r   means  so  as  t o  

produce  a  composite  analogue  s i g n a l ;  

a  t h i r d   c o n v e r t e r   means  (36)  for  conver t ing   a  t h i rd   ana logue  

signal  ( l ine   33)  into  second  d i g i t a l   s ignals   ( l ine   37)  for  s e l e c t i v e  

a p p l i c a t i o n   to  said  f i r s t   channel  of  said  t r ansmi t   channels   (bus  13);  and 

a  comparison  means  (41)  for  s e l e c t i v e l y   comparing  said  f i r s t  

d i g i t a l   s i g n a l s   and  said  second  d i g i t a l   s ignals   and  for  producing  a  s i g n a l  

(DEC)  i n d i c a t i v e   of  said  compar i son .  

23.  The  system  of  claim  22  wherein  said  comparison  means 

(41)  is  r e s p o n s i v e   to  the  absolute   magnitudes  of  the  f i r s t   and  second 

d i g i t a l   s i g n a l s   and  counts  up  the  number  of  times  that   the  a b s o l u t e  

magnitude  of  said  second  d i g i t a l   s igna ls   exceeds  the  abso lu te   magnitude  of  

said  f i r s t   d i g i t a l   s i g n a l s   by  a  predetermined  amount  and  counts  down,  to  a 



p r e d e t e r m i n e d   minimum  va lue ,   the  number  of  times  tha t   it  d o e s n ' t ,  

p roduc ing   an  output   s ignal   i n d i c a t i v e   of  the  accumula t ive   count  reaching  a 

p r e d e t e r m i n e d   maximum  v a l u e .  

24.  The  system  of  claim  23  wherein  an  a d d i t i o n a l  

communicat ion  l i nk ,   for  said  system,  comprises   a  second  channel  of  s a i d  

t r a n s m i t   channe ls   and  a  second  channel  of  said  r ece ive   c h a n n e l s .  

2 5 .  A   method  of  c o n t r o l l i n g   each  of  a  p l u r a l i t y   o f  

t e l e p h o n e   appara tus   (10)  connec ted   to  a  s u b s c r i b e r ' s   d i g i t a l   t e l e p h o n e  

loop  (15) ,   having  both  r e ce ive   channels   and  t r a n s m i t   c h a n n e l s ,   s a i d  

method,  at  each  said  a p p a r a t u s ,   c h a r a c t e r i z e d   by  the  s teps  o f :  

r e c e i v i n g   d i g i t a l   s igna l s   from  said  r ece ive   c h a n n e l s ;  

s e l e c t i v e l y   pass ing   f i r s t   d i g i t a l   s i g n a l s   ( l i n e   34)  from  a 

f i r s t   channel  of  said  t r a n s m i t   channels   (bus  13)  to  said  a p p a r a t u s ;  

s e l e c t i v e l y   pass ing   second  d i g i t a l   s i g n a l s   ( l i n e   37)  from 

said  appara tus   (10)  to  said  f i r s t   channel  of  said  t r a n s m i t   channels   ( b u s  

1 3 ) ;  

s e l e c t i v e l y   comparing  said  f i r s t   d i g i t a l   s i g n a l s   and  s a i d  

second  d i g i t a l   s i g n a l s   and  producing  a  signal  (DEC)  i n d i c a t i v e   of  s a i d  

c o m p a r i s o n .  

26.  The  method  of  claim  25  f u r t h e r   i nc lud ing   the  step  o f :  

s e l e c t i v e l y   pass ing   a  control   s i g n a l ,   in  response  to  s a i d  

s igna l   (DEC)  i n d i c a t i v e   of  said  comparison,   from  said  appara tus   (10)  to  a 

second  channel  of  said  t r a n s m i t   channels   (bus  1 3 ) .  



27.  The  method  of  claim  25  or  26  wherein  the  step  o f  

s e l e c t i v e l y   comparing  said  f i r s t   d i g i t a l   s igna l s   and  said  second  d i g i t a l  

s i g n a l s   comprises  the  steps  o f :  

comparing  the  absolu te   magnitude  of  said  f i r s t   d i g i t a l  

s i g n a l s   to  the  abso lu te   magnitude  of  said  second  d i g i t a l   s i g n a l s ;  

changing ,   in  a  f i r s t   d i r e c t i o n ,   the  count  of  a  counter   each 

time  tha t   the  abso lu te   magnitude  of  said  second  d i g i t a l   s igna l s   e x c e e d s  

the  abso lu t e   magnitude  of  said  f i r s t   d i g i t a l   s igna l s   by  a  p r e d e t e r m i n e d  

amount ;  

changing  said  count  in  a  second  d i r e c t i o n ,   to  a 

p rede te rmined   l imi t   value,   each  time  that   it  d o e s n ' t ;   and 

producing  an  output  signal  i n d i c a t i v e   of  the  a c c u m u l a t i v e  

count  reaching  a  p rede te rmined   l imi t   value  in  said  f i r s t   d i r e c t i o n .  

28.  A  method  of  c o n t r o l l i n g   a  p l u r a l i t y   of  t e l e p h o n e  

appa ra tus   connected  to  a  s u b s : r i b e r ' s   d i g i t a l   t e lephone   loop,  having  bo th  

a  rece ive   bus  (12)  and  a  t r ansmi t   bus  (13) ,   and  wherein  at  any  given  t i m e ;  

one  said  appara tus   at  most  is  ac t ive   and  the  remainder  of  said  a p p a r a t u s  

are  p a s s i v e ,   said  method  c h a r a c t e r i z e d   by  the  steps  o f :  

r e c e i v i n g   d ig i : a l   s igna l s   from  said  receive   bus  (12)  at  each 

said  t e lephone   a p p a r a t u s ;  

pass ing   d i g i t a l   s igna l s   from  a  f i r s t   channel  of  s a i d  

t r a n s m i t   bus  (13)  to  all  the  )assive  a p p a r a t u s ;  

pass ing   d i g i t a l   s igna l s   produced  by  the  ac t ive   appara tus   to  

said  f i r s t   channel  of  said  t ransmit   bus  ( 1 3 ) ;  

comparing,   at  each  said  pass ive  a p p a r a t u s ,   said  d i g i t a l  

s i g n a l s   from  said  f i r s t   chanrel  of  said  t r ansmi t   bus  (13)  and  d i g i t a l  



s i g n a l s   produced  by  that   p a r t i c u l a r   pass ive   a p p a r a t u s ,   and  s e l e c t i v e l y  

t r a n s m i t t i n g   a  d i g i t a l   signal  on  a  second  channel  of  said  t r a n s m i t   bus 

(13)  i n d i c a t i n g   the  r e s u l t   of  said  c o m p a r i s o n .  

29.  The  method  of  claim  28  wherein  the  step  of  compar ing  

said  d i g i t a l   s i gna l s   from  said  f i r s t   channel  of  said  t r a n s m i t   bus  (13)  and 

d i g i t a l   s i g n a l s   produced  by  that   p a r t i c u l a r   pass ive   appa ra tus   c o m p r i s e s  

the  s teps   of:  comparing  the  abso lu t e   magnitude  of  said  d i g i t a l   s i g n a l s  

from  said  f i r s t   channel  of  said  t r a n s m i t   bus  (13)  to  the  a b s o l u t e  

magnitude  of  the  d i g i t a l   s i g n a l s   ( l i n e   37)  produced  by  tha t   p a r t i c u l a r  

pass ive   a p p a r a t u s ;  

i nc remen t ing   the  count  of  a  counter   each  time  tha t   t h e  

a b s o l u t e   magnitude  of  said  d i g i t a l   s i g n a l s   produced  by  tha t   p a r t i c u l a r  

pass ive   appa ra tu s   exceeds,   by  a  p r ede t e rmined   amount,  the  a b s o l u t e  

magnitude  of  said  d i g i t a l   s i g n a l s   from  said  f i r s t   channel  of  said  t r a n s m i t  

b u s ;  

decrement ing   said  count  each  time  tha t   it  d o e s n ' t   but  no t  

beyond  a  p rede te rmined   minimum  value;   and 

producing  an  output   s ignal   i n d i c a t i v e   of  the  a c c u m u l a t i v e  

count  r each ing   a  p rede te rmined   maximum  v a l u e .  
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